Background and Purpose-Data from randomized trials assert that asymptomatic patients undergoing carotid endarterectomy (CEA) must live 3 to 5 years to realize the benefit of surgery. We examined how commonly CEA is performed among asymptomatic patients with limited life expectancy. Methods-Within the American College of Surgeons National Quality Improvement Project we identified 8 conditions associated with limited life expectancy based on survival estimates using external sources. We then compared rates of 30-day stroke, death, and myocardial infarction after CEA between asymptomatic patients with and without life-limiting conditions.
vidence supporting carotid endarterectomy (CEA) for the treatment of asymptomatic cerebrovascular disease is well established, because several randomized trials have demonstrated a significant reduction in stroke with CEA as compared with medical treatment alone. 1, 2 In terms of establishing "appropriate" candidates for CEA, the Society for Vascular Surgery guidelines state that asymptomatic patients with Ն60% carotid artery stenosis should be considered for CEA only when life expectancy is Ͼ3 years and perioperative stroke/death risk is Ͻ3%. 3 Similarly, other professional societies, including the American Heart Association, the American Stroke Association (ASA), and the American Academy of Neurology, stress the importance of assessing life expectancy before pursuing CEA in neurologically asymptomatic patients, asserting that appropriate candidates have a life expectancy Ͼ5 years. 4 -6 Furthermore, the American Academy of Neurology only supports CEA for asymptomatic disease if patients are Ͻ75 years of age. 6 Although slight differences may exist regarding the exact definition of "appropriate" patient selection criteria for CEA, most physicians would agree that asymptomatic patients with life-limiting conditions who are unlikely to survive long enough to realize the benefit of CEA are "inappropriate" candidates for carotid revascularization. However, it remains unclear how commonly patients with life-limiting conditions might be offered surgery in real-world practice.
The purpose of our study was to examine use and outcomes of CEA in a large cohort of asymptomatic patients with and without life-limiting conditions using a national data set representing actual practice.
Methods

Data and Databases
We studied all patients undergoing CEA in the 
Establishing a Cohort
To establish a cohort of patients undergoing CEA for asymptomatic stenosis, we used Current Procedural Terminology code 35301 to identify patients in the registry who underwent CEA between 2007 and 2009. All CEAs performed concomitant with other procedures (defined as an additional operation performed by a different surgical team such as combined coronary artery bypass grafting/CEA) were excluded. Symptomatic status was then assigned to any subject with a history of cerebrovascular accident with or without neurological deficit or a history of transient ischemic attack (TIA). All remaining cases were defined as asymptomatic.
Next, to identify patients undergoing CEA who also had lifelimiting conditions, we evaluated all descriptive patient level covariates in NSQIP and selected those associated with a predicted 5-year mortality Ն40%. Because long-term survival data are not available in NSQIP, we used external sources (such as published medical literature and national registries) to estimate the 3-and 5-year mortality rates of patients with each individual life-limiting condition. The life-limiting conditions used to define our cohort included disseminated cancer, advanced liver disease, symptomatic congestive heart failure, dialysis dependence, and severe chronic obstructive pulmonary disease (COPD). In addition to these medical diagnoses, we also included age Ն90 years, do-not-resuscitate status, and patients designated as ASA Class IV, a preoperative designation assigned by the operating anesthesiologist that implies a patient has "severe systemic disease that is a constant threat to life." 7 Although the designation of ASA Class IV is not a diagnosis, we characterized this variable as descriptive of the patient's overall risk for surgery in the perioperative period. 8 -10 Table 1 lists the predicted 3-and 5-year mortality rates for patients with each condition (operational definitions for each condition are displayed in online-only Data Supplement I; http://stroke.ahajournals.org). We found that predicted 3-year mortality rates ranged from 37% for patients with severe COPD to 76% for patients with disseminated cancer. Predicted 5-year mortality rates were Ͼ46% for all life-limiting conditions. Of note, long-term mortality data pertaining to do-not-resuscitate status were not available.
Comparison Between Patients With and Without Life-Limiting Conditions
We compared patient characteristics such as age and comorbidities between patients with and without life-limiting conditions using t tests (for continuous variables) and 2 with Fisher exact correction (for categorical variables) to identify statistically significant differences.
Next, to study surgeon and hospital characteristics associated with selecting patients with life-limiting conditions for CEA in this observational data set, we examined rates of CEA by surgeon specialty (includes vascular surgery, general surgery, orthopedic surgery, neurosurgery, cardiac, and thoracic surgery) and hospital teaching status (teaching/nonteaching).
Finally, we compared rates of stroke, death, the combined outcome stroke/death, and postoperative myocardial infarction (defined as a new transmural acute myocardial infarction occurring during surgery or within 30 days, manifested by new Q-waves on electrocardiogram) between patients with and without life-limiting conditions. We used multivariable logistic regression to examine the association between 30-day stroke/death rates and other patient-level comorbidities such as diabetes, smoking, or hypertension. These results were reported as ORs with surrounding 95% CIs in onlineonly Data Supplement II. Table 2 ). The most common conditions occurring in asymptomatic patients were ASA Class IV (10.2% of all asymptomatic CEAs), severe COPD (10.1%) and dialysis dependence (0.9%; Figure 1 ). Finally, nearly 3% (nϭ369) of CEAs were performed in patients who had Ͼ1 life-limiting condition.
Outcomes by the Presence or Absence of a Life-Limiting Condition
Overall, 1.4% (182) of all asymptomatic patients undergoing CEA experienced stroke or death within 30 days after surgery. The incidence of stroke/death within 30 days increased with age, reaching 1.2% (nϭ28) for all patients 75 to 80 years and 2.2% (nϭ55) for all patients aged Ͼ80 years. Combined 30-day stroke/death rates were also significantly higher in those with life-limiting conditions as compared with those without life-limiting conditions (2.9% versus 1.1%, PϽ0.001). The incidence of stroke and death at 30 days was also higher among patients with life-limiting conditions as compared with those without life-limiting conditions (stroke: 1.8% versus 0.9%, PϽ0.001; death: 1.4% versus 0.3%, PϽ0.001; Figure 2 ).
In crude (unadjusted) analyses, the odds of mortality were nearly 5 times higher in asymptomatic patients with lifelimiting conditions (OR, 4.6; 95% CI, 2.8 -7.4; PϽ0.001). After adjustment for other baseline comorbidities, the presence of a life-limiting condition remained independently associated with 30-day stroke/death (OR, 2.8; 95% CI, 2.1-3.8; PϽ0.001; online-only Data Supplement II).
Overall, Ͻ1% of asymptomatic patients undergoing CEA experienced postoperative myocardial infarction (nϭ73). Although patients with life-limiting conditions experienced a higher incidence of postoperative myocardial infarction than those without life-limiting conditions (0.8% versus 0.5%), this difference was not statistically significant (Pϭ0.06).
Effect of ASA Class IV and Severe COPD on Stroke and Death
Because 2 of the most common life-limiting conditions in our cohort, ASA Class IV and severe COPD, were also the most subjective, we examined the effect of these variables independently on risk of stroke/death at 30 days. Compared with patients without life-limiting conditions, patients designated as ASA Class IV or with severe COPD had a higher incidence of stroke/death (2.9% versus 1.1%, PϽ0.001). Furthermore, the risk of stroke/death was even higher in patients with life-limiting conditions other than ASA Class IV or severe COPD (3.4%; Figure 3 ).
Effect of Surgeon Specialty and Hospital Teaching Status
When we examined the effect of surgeon specialty on outcome, we found that each surgical specialty examined performed approximately 20% of CEAs in patients with life-limiting conditions (19.9% vascular versus 21.0% other specialties combined, Pϭ0.497). Furthermore, hospital teaching status was not associated with the proportion of CEAs performed in asymptomatic patients with life-limiting conditions (20.5% nonteaching versus 19.6% teaching, Pϭ0.205).
Comparison of Findings in Asymptomatic Versus Symptomatic Patients
Lastly, to provide context for our results, we examined the prevalence of life-limiting conditions in patients undergoing CEA for symptomatic carotid stenosis, defined as CEA performed with a preoperative diagnosis of stroke or TIA. Overall, 27.1% (2731) of CEAs performed for symptomatic carotid stenosis occurred in patients with life-limiting conditions. Like with asymptomatic status, the most common life-limiting conditions in symptomatic patients undergoing CEA were ASA Class IV designation (16.0% of all symptomatic patients undergoing CEA) and severe COPD (10.9% of all symptomatic patients undergoing CEA). As expected, symptomatic patients had significantly higher rates of stroke and death than asymptomatic patients (stroke: 2.3% versus 1.1%, PϽ0.001; death: 1.0% versus 0.5%, PϽ0.001). Among symptomatic patients, those with life-limiting conditions experienced significantly higher rates of death and stroke/ death at 30 days than those without life-limiting conditions (death: 2.0% versus 0.7%, PϽ0.001; stroke/death: 4.3% versus 2.6%, PϽ0.001). The incidence of postoperative stroke was also higher among symptomatic patients with life-limiting conditions, although this difference was not statistically significant (2.8% versus 2.2%, PϽ0.095; Figure 4 ).
Discussion
Our study demonstrates that among hospitals participating in a national surgical quality improvement program, CEA is performed commonly in asymptomatic patients with lifelimiting conditions, and these patients have poorer perioperative outcomes. Furthermore, the cumulative effect of increased perioperative mortality, coupled with poor predicted 5-year survival as a result of having a life-limiting condition, makes it unlikely these patients will benefit, on average, from CEA for asymptomatic disease. Therefore, future efforts to examine the long-term benefit of CEA in patients with life-limiting conditions are necessary, especially in the current era of cost containment in health care.
After the Asymptomatic Carotid Atherosclerosis Study (ACAS) established the benefit of CEA for asymptomatic patients in 1995, many have examined the appropriateness of this procedure across a spectrum of patient risk. For example, in 1997, Cronenwett et al 18 published a cost-effectiveness analysis of CEA for asymptomatic patients based on trial data from ACAS. This study, which demonstrated an exponential increase in risk with increasing age Ͼ70 years, attributed the low net benefit of CEA in patients over this age threshold to a decreased life expectancy and therefore a reduced opportunity for stroke prevention. Other studies have also described populations that fare poorly in obtaining benefit from carotid endarterectomy, including the very elderly, blacks, and patients with chronic renal insufficiency. 19 -22 Our study finds that a significant proportion of asymptomatic patients selected for CEA in real-world practice are unlikely to experience durable long-term benefit from surgery. Although indirect, our data suggest that patients with life-limiting conditions have both increased perioperative mortality (1.4%) and increased predicted long-term mortality. These 2 elements make it unlikely that patients with lifelimiting conditions will achieve the 3-to 5-year survival necessary to experience the benefit of stroke prevention provided by CEA for asymptomatic carotid stenosis.
Furthermore, in the present day, many argue that significant changes in the medical management of patients with asymptomatic carotid stenosis have occurred since ACAS was published. Specifically, rates of antiplatelet agent and statin use have increased, 23 leading many to question whether CEA for asymptomatic patients still offers the same margin of benefit over nonoperative treatment. For example, Abbott 24 published a meta-analysis describing a 7% decline in stroke and TIA in patients with severe carotid stenosis since the mid-1980s with the rate of ipsilateral stroke among medically treated patients falling below that of patients who received CEA in ACAS beginning in 2001. Given the uncertainty about the current effectiveness of CEA for asymptomatic carotid stenosis, many agree that a clinical trial is needed to compare newer methods of medical management for asymptomatic carotid stenosis with carotid revascularization across a spectrum of patient risk.
Practice patterns in patients with symptomatic carotid stenosis were not strikingly different than patients with asymptomatic stenosis in terms of the proportion of patients Figure 3 . Thirty-day stroke (left), death (middle left), and combined stroke/death rates (middle right) between patients with and without 1 of 8 life-limiting conditions after carotid endarterectomy for asymptomatic stenosis. Subgroup analysis (right) demonstrates combined stroke/death rates among patients without a life-limiting condition, with ASA Class IV or severe COPD, and with any 1 of the remaining 6 life-limiting conditions (advanced liver disease, disseminated cancer, DNR, symptomatic CHF, age Ն90 years, dialysis dependence). ASA indicates American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; DNR, do not resuscitate; CHF, congestive heart failure.
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undergoing CEA in the setting of life-limiting comorbidities. However, the implication of a life-limiting condition is arguably much less important in patients with symptomatic carotid stenosis given their much higher potential risk of stroke in the near term. It is critical that patients undergoing surgery for asymptomatic carotid stenosis survive long enough to offset the upfront risk of surgery, whereas longterm survival is a less important parameter in determining the absolute benefit of CEA in patients with symptomatic carotid stenosis. Our study has several limitations. First, we designated asymptomatic status based on the absence of a concomitant diagnosis of stroke or TIA not accounting for other potential symptoms not recorded in NSQIP such as ocular TIAs or dizziness. However, the proportion of CEAs we designated as asymptomatic in NSQIP is very similar to that of other regional registries and is likely representative of significant symptomatic status. A second limitation relates to our use of medical literature to infer the mortality rates associated with conditions defined in NSQIP. We recognize that the operational definitions available in NSQIP may not precisely align with definitions used in each of the outside sources cited. However, for 2 reasons, we believe our designations accurately represent life-limiting conditions. First, the studies we used to estimate mortality rates from life-limiting conditions were of high quality, including data from major randomized trials and federally supported registries. Second, the magnitude of differences in outcomes such as mortality and stroke observed between those with and without life-limiting conditions suggests that our designation of these conditions as life-limiting was likely accurate. A third limitation pertains to the diagnosis of postoperative stroke. Unfortunately, NSQIP does not require postoperative neurological examinations by personnel certified in the National Institutes of Health Stroke Scale and, as such, the diagnosis of this postoperative complication may vary from provider to provider. Fourth, our study is limited in the insight provided toward another important end point for patients undergoing carotid revascularization, myocardial infarction. Most clinical trials studying carotid revascularization use a broad definition, encompassing troponinemia, non-ST elevation myocardial infarctions, and ST-elevation myocardial infarctions. 25 We found a low myocardial infarction rate in our study (1%), but likely because NSQIP uses a strict definition encompassing the most advanced manifestations of myocardial ischemia. Finally, some may question our selection of any 1 of our individual life-limiting comorbidities, especially variables indicative of overall patient risk such as ASA class designation. However, the magnitude of the survival differences in the characteristics we selected implies that we succeeded in identifying a cohort of patients for whom prophylactic surgery incurs very high risk.
Summary
Data from NSQIP suggest that approximately 20% of CEAs among asymptomatic patients are performed in patients with life-limiting conditions, who may not survive to realize the small but measurable long-term benefit of surgery for stroke prevention. Additionally, these patients have significantly higher rates of postoperative stroke and death than patients without life-limiting conditions, further increasing the chance that they will not benefit from CEA. Although current literature to guide surgeons in identifying patients at high risk for postoperative complications exists, 26 these guidelines make little mention of patient selection for asymptomatic CEA based on long-term survival. Future efforts to examine actual (rather than predicted) rates of long-term stroke-free survival in patients with asymptomatic carotid stenosis and limited life expectancy are necessary.
